Abstract : This review consists of two parts. In the first part normal mechanisms regulating the progression of cells through the cell cycle are briefly reviewed. Besides mitogenic stimulation, cyclin kinase inhibition, the G1 restriction point and the prb pathway, accuracy of DNA replication and DNA repair, the G2 to M transition, apoptosis and the p 53 pathway, proteolytic, in particular ubiquitindependent mechanisms involved in the initiation of DNA synthesis in the separation of sister chromatids and in the telophase to GO/G1 transition, are discussed. In the second part oncogene and tumor suppressor gene products are briefly characterized. Aberrations of cell cycle control mechanisms associated with cancer are grouped as follows : deregulation of protooncogenes by translocations juxtaposing protooncogenes to immunoglobulin -or T cell receptor genes; translocations producing chimeric proteins unique to cancer cells; inversions and amplifications resulting in over expression of regulator genes; and deletions and mutations of tumor suppressor genes. It is emphasized that cancer is the result of a multistep process and that uncontrolled cell production and other alterations are, as a rule, late phenomena. (Indian J Pedlatr 1998; 65 : 805o814)
Cancer research has contributed significantly to a better understanding of basic biological phenomena such as cell division, cell differentiation and apoptosis. By studying pathologic alterations important informations on the structure, function and regulation of normal cells have been obtained. In this review the focus will be on cell cycle control mechanisms and on control deficits associated with cancer.
Normal Cell Cycle Control Mechanisms
Cell replication is a complex, well controlled process ~,2. In each phase of the cell cycle, cells that are not prepared to enter the next phase are arrested at checkpoints, synonymous to blocks controlled by surReprint requests : H.P. Wagner, M.D., Professor of Pediatrics, Schneiderstrasse 45, 3084 Wabern, Switzerland veiUance mechanisms TM. In this way highfidelity replication of the approximately 3 billion base pairs during the S phase is achieved and precise segregation of the newly formed chromosomes is guaranteed.
Mitogenic stimulation
The initiation of replication depends on extracellular signals. Receptors at the cell surface bind ligands and activate intracellular signal transmission pathways to the nucleus. Other ligands may block receptors and preclude signal transmission. The nucleus of a cell has to receive a series of signals within a certain time, before replication is initiated. Under sustained mitogenic stimulation a ceil prepares itself for replication 5.6. No or insufficient preparation occurs, if the cell is dif- ferentiated or if there is a lack of nutrients. Cells completely unprepared to divide but able to replicate are called GO cells; cells partially prepared are in early G1. Early G1 is characterized by the fact that extracellular mitogenic stimuli can turn on, probably by regulating the activity of nuclear transcription factors such as c-fos, cjun, c-myc and others, the synthesis of cyclin dependent kinases (cdks). These kinases coordinate the transition of cells through the 4 phases of the cell cycle G1, S, G2 and M ~,4. In order to be active the cdks have to complex with cyclins and the holoenzyme has to be activated by the cdk activating kinase CAK, a multi-subunit enzyme consisting of cyclin H and cdk7 (= MO 15) 7~. CAK plays an important role in the regulation of transcription. In mammalian cells CAK is part of TFIIH, a basal transcription factor containing helicase, ATPase and nucleotide-excision repair activities. TFIIH is able to phosphorylate the carboxy-terminal domain (CTD) of RNA polymerase II 9,1~ Mitogens can only stimulate the synthesis of D-type cyclins. All other cyclins are synthesized at specific points during the cell cycle independent of extracellular stimuli.
Cyclin kinase inhibitors
The formation of active cyclin D -cdks can be blocked in many ways. Cdk inhibitors of the p21 w~ i/c~. p27K~l or p57 r'~ or of the p16 xNK4' , p15 n~K~, p18 INK~ or p19 ~r~4a type bind to the cdks and block either the holoenzyme formation with cyclin or the phosphorylation at threonin 172, by CAK "z. INK4 inhibitors of cdk4 antagonize only cyclin D -p21 cn~, p27 KxP~ and p57 raP2 antagonize cyclin D-and cyclin E-or A-dependent kinaseslL The p21 c~1 is of particular interest since it binds also to the proliferating cell nuclear antigen (PCNA) which is a subunit of the DNA polymerase delta enzyme complex 12
G1 restriction point
Active cyclin D-cdks phosphorylate the retinoblastoma tumor suppressor protein prbtL In the unphosphorylated state, the prb and the prb-related proteins p107 and p130 bind to transcription factors such as E2F and abl and arrest ceils in G1. After phosphorylation these transcription factors are released and activate genes, the products of which are required for the transition from G1 to S, such as dihydrofolate reductase, DNA polymerase alpha, thymidine kinase and others ~4. With the phosphorylation of the prb the restrictionor-checkpoint in G1 is passed and from there on, cell replication proceeds without additional mitogenic stimulation.
Both extra-and intraceUular stimulatory and inhibitory factors are therefore integrated before the cell replication machinery is irrevocably initiated. Once it is stared, the cell either divides or dies.
Initiation of DNA synthesis
Towards the end of G1 the pre-replication complex (pre-RC) is assembled at DNA replicating origins 2,1s. This complex represents a DNA replication licensing system assuring that each DNA sequence is replicated only one time before chromosome segregation 16. The pre-RC is composed of the origin recognition complex (ORC), an unstable protein called pcdc6, and the minichromosome maintenance proteins
(rectus).
After phosphorylation of prb, ESF-DP heterodimers trigger the expression of cyc-
